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Abstract 

Indirect information about the possible scale of supersymmctry (SUSY) breaking is provided 
by i3-physics observables (BPO) as well as electroweak precision observables (EWPO). We 
review the combination of the constraints imposed by recent measm'ements of the BPO 
BR(6 s'y), BK{Bs iJ.~^fi~), BR(i3„ tv^.) and AM^^ with those obtained from 
the experimental measurements of the EWPO M^, sin^6'off, Pz, (<? — 2)^ and M^. We 
perform a fit to the parameters of the constrained minimal supersymmetric extension 
of the Standard Model (CMSSM), in which the SUSY-brcaking parameters are universal 
at the GUT scale. Assuming that the lightest supersymmetric particle (LSP) provides the 
cold dark matter density preferred by WMAP and other cosmological data, we confirm the 
preference found previously for a relatively low SUSY-breaking scale, though there is some 
slight tension between the EWPO and the BPO. 



*talk given at the LCWS07, May 2007, DESY, Hamburg, Germany 
temail: Sven.Heinemeyer@cern.ch 



LCWS/ILC2007 



Interplay of Electroweak Precision Observables 
and B Physics Observables 



S. Heinemeyer 

Institute de Fisica de Cantabria (CSIC-UC), Santander, Spain 

Indirect information about the possible scale of supersymmetry (SUSY) breaking is 
provided by _B-physics observables (BPO) as well as electroweak precision observables 
(EWPO). We review the combination of the constraints imposed by recent measure- 
ments of the BPO BR(6 37), BR{Bs iJ.'^iJ.'), BR(B„ rvr) and AAfs^ with 
those obtained from the experimental measurements of the EWPO Mw, siv? 6aa, Fz, 
{g — 2)^ and Mh- We perform a fit to the parameters of the constrained minimal su- 
persymmetric extension of the Standard Model (CMSSM), in which the SUSY-breaking 
parameters are universal at the GUT scale. Assuming that the lightest supersymmet- 
ric particle (LSP) provides the cold dark matter density preferred by WMAP and 
other cosmological data, we confirm the preference found previously for a relatively low 
SUSY-breaking scale, though there is some slight tension between the EWPO and the 
BPO. 

1 Introduction 

In order to achieve a simplification of the plethora of soft SUSY-breaking parameters appear- 
ing in the general MSSM, one assumption that is frequently employed is that (at least some 
of) the soft SUSY-breaking parameters are universal at some high input scale, before renor- 
malization. One model based on this simplification is the constrained MSSM (CMSSM), 
in which all the soft SUSY-breaking scalar masses mo are assumed to be universal at the 
GUT scale, as are the soft SUSY-breaking gaugino masses mi/2 and trilincar couplings Aq. 
Further parameters are tan/3, the ratio of the two vacuum expectaion values, and the sign 
of the Higgs mixing parameter fi. 

Within the CMSSM we perform a combined analysis [2] of electroweak precision 
observables (EWPO) [3], going beyond previous such analyses [4, 5] (see also Ref. [6]), 
and of i?-physics observables (BPO), including some that have not been included before in 
comprehensive analyses of the SUSY parameter space (see, however, Ref. [7]). The set of 
EWPO included in the analysis is the W boson mass Mw, the effective leptonic weak mixing 
angle sin^ 0off , the total Z boson width Tz, the anomalous magnetic moment of the muon 
(5 — 2)^1, and the mass of the lightest MSSM Higgs boson mass Mh- In addition, we include 
four BPO: the branching ratios BR(6 57), BR(i?s — > fi^ii~) and BR(_B.,( — > TVr), and 
the Bs mass mixing parameter AMb, ■ For the evaluation of the BPO we assume minimal 
flavor violation (MFV) at the electroweak scale. 

2 The evaluation 

Assuming that the nine observables listed above are uncorrelated, a ht has been performed 
with 
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Here denotes the experimental central value of the nth observable {Mw, sin^ 9cs, Tz, 
and BR(6 ^ 57), BR(B„ rur), ^Mb,), R^"" is the corresponding MSSM 
prediction and (T„ denotes the combined error (intrinsic, parametric (from rrit, mi,, Us, 
Aofhad), and experimental). Additionally, cr""" is the minimum combined error over the 
parameter space of each data set as explained below, and Xai^ ^'Hd Xb. denote the 
contribution coming from the experimental limits on the lightest MSSM Higgs boson mass 
and on BR(i?s ji^ji"), respectively, sec Rcf. [2] for details. 

In order to take the rrit and m;, parametric uncertainties correctly into account, we 
evaluate the SUSY spectrum and the observables for each data point first for the nominal 
values mt = 171.4 GeV [8]^ and mb{mb) = 4.25 GeV, then for nit = (171.4 + 1.0) GeV 
and rrn,{mb) = 4.25 GeV, and finally for rut = 171.4 GeV and mb{mb) = (4.25 + 0.1) GeV. 
The latter two evaluations are used by appropriate rescaling to estimate the full para- 
metric uncertainties induced by the experimental uncertainties 5ra^^^ — 2.1 GeV [8] and 
Smi,{mb)'^^P = 0.11 GeV. These parametric uncertainties are then added to the other errors 
(intrinsic, parametric {as, Acthad), and experimental). 

In regions that depend sensitively on the input values of mt and mh{mb), such as the 
focus-point region [10] in the CMSSM, the corresponding parametric uncertainty can become 
very large. In essence, the 'WMAP hypersurface' moves significantly as mt varies (and 
to a lesser extent also mb{mb)), but remains thin. Incorporating this large parametric 
uncertainty naively in eq. (1) would artificially suppress the overall value for such points. 
This artificial suppression is avoided by adding the second term in eq. (1), where cr™'" is the 
value of the combined error evaluated for parameter choices which minimize Xn '^^^^ the full 
data set. 

Throughout this analysis, we focus our attention on parameter points that yield the 
correct value of the cold dark matter density inferred from WMAP and other data, namely 
0.094 < r^cDM^^ < 0.129 [11]. The fact that the density is relatively well known restricts 
the SUSY parameter space to a thin, fuzzy 'WMAP hypersurface', effectively reducing its 
dimensionality by one. The variations in the EWPO and BPO across this hypersurface may 
in general be neglected, so that we may treat the cold dark matter constraint effectively as a 
i5 function. We note, however, that for any given value of mi/2 there may be more than one 
value of mo that yields a cold dark matter density within the allowed range, implying that 
there may be more than one WMAP line traversing the the {mi/2,mo) plane. Specifically, 
in the CMSSM there is, in general, one WMAP line in the coannihilation/rapid-annihilation 
funnel region and another in the focus-point region, at higher mg. Consequently, each EWPO 
and BPO may have more than one value for any given value of mi/2- In the following, we 
restrict our study of the upper WMAP line to the part with mo < 2000 GeV for tan/3 = 10 
and mo < 3000 GeV for tan/3 = 50, restricting in turn the range of mi/2- 

For our CMSSM analysis, the fact that the cold dark matter density is known from astro- 
physics and cosmology with an uncertainty smaller than 10 % fixes with proportional preci- 
sion one combination of the SUSY parameters, enabling us to analyze the overall value 
as a function of mi/2 for fixed values of tan/3 and Aq. The value of \fi\ is fixed by the 
electroweak vacuum conditions (and /i > due to (g — 2)^), the value of mo is fixed with 
a small error by the dark matter density, and the Higgs mass parameters are fixed by the 
universality assumption. As in previous analyses, we consider various representative values 



^Using the most recent experimental value, mt = 170.9 ± 2.1 GeV [9] would have a minor impact on our 
analysis. 



LCWS/ILC2007 



of Ao oc mi/2 for the specific choices tan (3 = 10, 50. 

3 The analyses for EWPO, BPO and combined 

Here we show the resuhs as a function of toi/2, using eq. (1). As a first step, Fig. 1 
displays the distribution for the EWPO alone. In the case tan/3 = 10 (left panel), we 
see a well-defined minimum of for mi/2 ~ 300 GeV when Aq > 0, which disappears for 
large negative Aq and is not present in the focus-point region. The rise at small mi/2 is due 
both to the lower limit on Mh coming from the direct search at LEP [12] and to (g — 2)^, 
whilst the rise at large mi/2 is mainly due to {g — 2)^. The measurement of Mw leads to 
a slightly lower minimal value of x^, but there are no substantial contributions from any 
of the other EWPO. The preference for > in the coannihilation region is due to Mh, 
see the left plot in Fig. 4, and the relative disfavor for the focus-point regions is due to its 
mismatch with (g — 2)^. In the case tan/3 = 50 (right panel), we again see a well-defined 
minimum of x^, this time for 77ii/2 ^ 400 to 500 GcV, which is similar for all the studied 
values of Aq. In this case, there is also a similar minimum of for the focus-point region 
at TOi/2 ^ 200 GeV. The increase in x^ at small toi/2 is due to {g — 2)^ as well as Mh, 
whereas the increase at large mi/2 is essentially due to {g — 2)^. Contrary to the tan/3 = 10 
case, Mh does not induce a large difference for the various Aq values, see the right plot in 
Fig. 4. We note that the overall minimum of x^ ~ 2 is similar for both values of tan/3, and 
represents an excellent fit in each case. 

Fig. 2 shows the corresponding combined x^ for the BPO alone. For both values of tan /3, 
these prefer large values of mi/2, reflecting the fact that there is no hint of any deviation 
from the SM, and the overall quality of the fit is good. Very small values of mi/2 are 
disfavored, particularly in the coannihilation region with Aq > 0, mainly due to & — > 57. 
The focus-point region is generally in very good agreement with the BPO data, except at 
very low mi/2 ^ 400 GeV for tan/3 = 50. 

Finally, we show in Fig. 3 the combined x^ values for the EWPO and BPO, computed 
in accordance with eq. (1). We see that the global minimum of x^ ~ 4.5 for both values 
of tan /3. This is quite a good fit for the number of experimental observables being fitted, 
and the x^/d.o.f. is similar to the one for the EWPO alone. This increase in the total x^ 
refiects the fact that the BPO exhibit no tendency to reinforce the preference of the EWPO 
for small ^1/2. However, due to the relatively large experimental and theoretical errors for 
the BPO, no firm conclusion in any direction can be drawn yet. The focus-point region is 
disfavored for both values of tan /3 by comparison with the coannihilation region, though 
this effect is slightly less important for tan/3 — 50. For tan/3 = 10, mi/2 ^ 300 GeV and 
Aq > are preferred, whereas, for tan/3 = 50, mi/2 ^ 600 GeV and Aq < arc preferred. 
This change-over is largely due to the impact of the LEP Mh constraint for tan /3 = 10 (see 
the left plot of Fig. 4) and the & — > 57 constraint for tan/3 = 50 (see Fig. 6 in Ref. [2]). 
Corresponding mass predictions for the SUSY particles can be found in Ref. [2] . 
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Figure 1: The combined function for the electrowcak observablcs Mw, sin^^oft, F^, 
[g - 2)^ and Mh, evaluated in the CMSSM for tan/3 = 10 (left) and tan/3 = 50 (right) for 
various discrete values of Aq. 
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Figure 2: The combined function for the B physics observablcs BR(6 s-f), BK{Bs 
fJ-+H^), BR{Bu TVr) and AMb,, evaluated in the CMSSM for tan/3 = 10 (left) and 
tan/3 = 50 (right) for various discrete values of Aq. 
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Figure 3: The combined function for the EWPO and the BPO, evaluated in the CMSSM 
for tan/3 = 10 (left) and tan/3 = 50 (right) for various discrete values of Aq. 
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Figure 4: The CMSSM predictions for Mh as functions of mi/2 with (a) tan/3 = 10 and (b) 
tan (3 = 50 for various ^o- We also show the present 95% C.L. exclusion limit of 114.4 GeV 
and a hypothetical LHC measurement of ~ 116.4 ± 0.2 GeV. The results have been 
obtained with FeynHiggs [13]. 
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